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Table 3. Statistics for Ten 1000-Second Simulation Runs;
Tustin Case;  V = 100 ft/sec

Run Standard deviation

u v w p q r

34 4.95 5.23 4.89 0.0370 0.0211 0.0240

36 4.80 5.44 5.75 0.0374 0.0213 0.0243

37 5.26 5.35 4.79 0.0371 0.0207 0.0237

38 4.84 4.18 5.11 0.0365 0.0208 0.0233

39 5.26 4.74 4.51 0.0377 0.0212 0.0241

40 5.23 5.27 4.73 0.0393 0.0206 0.0234

41 5.11 4.84 4.98 0.0364 0.0208 0.0243

42 5.45 5.08 4.77 0.0371 0.0208 0.0238

43 5.36 5.15 5.07 0.0367 0.0207 0.0234

44 4.40 5.21 5.22 0.0359 0.0214 0.0241

Mean 5.07 5.05 4.98 0.0372 0.0209 0.0238

Std. Dev. 0.320 0.373 0.341 0.000919 0.000276 0.000372

Run Mean

u v w p q r

34 0.295 -0.0971 -0.450 0.000106 -6.22e-05 6.32e-05

36 -1.24 -0.897 -0.380 -0.000551 5.48e-06 1.95e-05

37 -0.258 -0.697 0.205 -0.00264 -3.03e-05 -0.000111

38 0.260 1.06 -0.408 -0.000198 -5.59e-05 4.93e-05

39 1.77 -0.474 -0.176 -0.00267 7.45e-06 -5.30e-06

40 1.11 0.812 0.585 -6.05e-05 2.74e-05 1.45e-05

41 -0.413 0.217 -0.342 0.000191 -7.60e-05 -3.90e-05

42 -1.08 0.854 -0.275 -0.000548 -4.70e-05 -2.78e-05

43 0.422 -1.18 0.418 -0.000532 1.82e-05 -6.23e-05

44 -0.661 -0.239 -0.877 -0.00362 -4.21e-05 5.65e-05

Mean 0.0207 -0.0646 -0.170 -0.00105 -2.55e-05 -4.22e-06

Std. Dev. 0.948 0.781 0.444 0.00138 3.70e-05 5.62e-05
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Table 4. Statistics for Ten 1000-Second Simulation Runs;
MIL STD Case;  V = 100 ft/sec

Run Standard deviation

u v w p q r

34 4.95 5.29 4.90 0.0372 0.0245 0.0280

36 4.80 5.47 5.76 0.0376 0.0247 0.0284

37 5.27 5.33 4.85 0.0374 0.0241 0.0277

38 4.84 4.22 5.11 0.0368 0.0241 0.0273

39 5.26 4.80 4.59 0.0380 0.0246 0.0282

40 5.24 5.28 4.81 0.0395 0.0239 0.0274

41 5.11 4.91 4.93 0.0367 0.0242 0.0284

42 5.46 5.09 4.80 0.0373 0.0241 0.0278

43 5.36 5.11 5.03 0.0369 0.0240 0.0274

44 4.40 5.18 5.23 0.0361 0.0248 0.0282

Mean 5.07 5.07 5.00 0.0373 0.0243 0.0279

Std. Dev. 0.320 0.357 0.320 0.000914 0.000312 0.000421

Run Mean

u v w p q r

34 0.295 -0.121 -0.451 0.000106 -6.13e-05 5.09e-05

36 -1.24 -0.956 -0.368 -0.000551 5.42e-06 3.08e-06

37 -0.258 -0.752 0.203 -0.00264 -2.34e-05 -0.000121

38 0.260 1.10 -0.423 -0.000197 -5.72e-05 4.72e-05

39 1.77 -0.491 -0.191 -0.00267 9.76e-06 -1.80e-05

40 1.11 0.835 0.617 -6.16e-05 1.64e-05 1.69e-05

41 -0.413 0.232 -0.341 0.000191 -6.41e-05 -5.00e-05

42 -1.08 0.866 -0.295 -0.000548 -4.24e-05 -2.16e-05

43 0.422 -1.27 0.443 -0.000532 2.34e-05 -6.00e-05

44 -0.661 -0.262 -0.930 -0.00362 -2.94e-05 6.86e-05

Mean 0.0206 -0.0819 -0.174 -0.00105 -2.23e-05 -8.37e-06

Std. Dev. 0.948 0.821 0.464 0.00138 3.39e-05 5.83e-05
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Table 5. Statistics for Ten 1000-Second Simulation Runs;
Continuous Case;  V = 1000 ft/sec

Run Standard deviation

u v w p q r

35 5.07 5.03 5.07 0.0373 0.0207 0.0238

45 5.17 5.20 5.22 0.0372 0.0207 0.0238

46 5.16 4.94 4.98 0.0373 0.0206 0.0237

47 5.10 4.79 5.05 0.0370 0.0207 0.0237

48 5.28 5.07 5.16 0.0373 0.0208 0.0240

49 5.31 4.91 4.92 0.0376 0.0208 0.0237

50 5.26 5.03 5.03 0.0370 0.0206 0.0240

51 5.22 4.96 5.03 0.0372 0.0207 0.0239

52 4.92 4.85 5.01 0.0370 0.0206 0.0238

53 4.91 5.10 5.20 0.0368 0.0207 0.0238

Mean 5.14 4.99 5.07 0.0372 0.0207 0.0238

Std. Dev. 0.141 0.122 0.0973 0.000228 8.38e-05 0.000115

Run Mean

u v w p q r

35 0.0393 -0.0217 -0.159 3.68e-05 1.63e-08 -4.04e-06

45 -0.417 -0.302 -0.115 -0.000174 -3.16e-06 -2.90e-07

46 -0.0929 -0.266 0.0601 -0.000824 -8.60e-06 -7.35e-06

47 0.0400 0.362 -0.147 -5.01e-05 -9.49e-07 -1.41e-06

48 0.551 -0.157 -0.0590 -0.000864 1.58e-06 -9.09e-06

49 0.391 0.271 0.199 -4.39e-05 -6.69e-06 -6.65e-06

50 -0.125 0.0640 -0.128 5.42e-05 4.89e-06 -9.71e-06

51 -0.367 0.270 -0.104 -0.000167 -1.82e-07 -3.87e-06

52 0.143 -0.416 0.143 -0.000171 8.47e-06 -6.60e-06

53 -0.210 -0.0693 -0.303 -0.00115 2.91e-06 8.59e-06

Mean -0.00478 -0.0266 -0.0612 -0.000335 -1.72e-07 -4.04e-06

Std. Dev. 0.308 0.266 0.152 0.000437 5.12e-06 5.40e-06
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Table 6. Statistics for Ten 1000-Second Simulation Runs;
Tustin Case;  V = 1000 ft/sec

Run Standard deviation

u v w p q r

35 5.06 5.02 5.06 0.0363 0.0195 0.0221

45 5.16 5.18 5.20 0.0362 0.0195 0.0221

46 5.15 4.93 4.97 0.0362 0.0194 0.0220

47 5.08 4.77 5.03 0.0359 0.0195 0.0219

48 5.26 5.05 5.15 0.0363 0.0196 0.0223

49 5.30 4.90 4.91 0.0366 0.0196 0.0220

50 5.25 5.02 5.02 0.0360 0.0194 0.0222

51 5.21 4.95 5.02 0.0361 0.0195 0.0221

52 4.91 4.84 5.00 0.0359 0.0194 0.0220

53 4.90 5.08 5.19 0.0358 0.0195 0.0220

Mean 5.13 4.97 5.05 0.0361 0.0195 0.0221

Std. Dev. 0.141 0.122 0.0977 0.000235 8.50e-05 0.000120

Run Mean

u v w p q r

35 0.0389 -0.0219 -0.160 3.69e-05 -5.64e-08 -4.11e-06

45 -0.418 -0.303 -0.115 -0.000174 -3.61e-06 -5.62e-08

46 -0.0919 -0.266 0.0605 -0.000824 -8.72e-06 -7.21e-06

47 0.0404 0.362 -0.149 -4.84e-05 -7.64e-07 -1.44e-06

48 0.551 -0.157 -0.0594 -0.000865 1.49e-06 -9.28e-06

49 0.390 0.271 0.201 -4.46e-05 -6.83e-06 -6.68e-06

50 -0.123 0.0647 -0.127 5.50e-05 4.66e-06 -9.81e-06

51 -0.365 0.272 -0.106 -0.000168 -1.10e-07 -3.78e-06

52 0.142 -0.416 0.143 -0.000173 8.33e-06 -6.40e-06

53 -0.211 -0.0689 -0.304 -0.00115 2.69e-06 8.24e-06

Mean -0.00473 -0.0262 -0.0615 -0.000335 -2.93e-07 -4.05e-06

Std. Dev. 0.308 0.267 0.153 0.000437 5.12e-06 5.34e-06
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Table 7. Statistics for Ten 1000-Second Simulation Runs;
MIL STD Case;  V = 1000 ft/sec

Run Standard deviation

u v w p q r

35 5.07 5.06 5.10 0.0386 0.0258 0.0308

45 5.17 5.19 5.23 0.0385 0.0258 0.0308

46 5.17 4.97 5.01 0.0385 0.0257 0.0307

47 5.10 4.81 5.05 0.0383 0.0258 0.0307

48 5.28 5.06 5.15 0.0386 0.0260 0.0310

49 5.31 4.93 4.95 0.0389 0.0260 0.0307

50 5.27 5.06 5.05 0.0383 0.0258 0.0310

51 5.23 4.98 5.03 0.0385 0.0258 0.0309

52 4.92 4.88 5.03 0.0383 0.0257 0.0308

53 4.92 5.10 5.21 0.0381 0.0259 0.0308

Mean 5.15 5.00 5.08 0.0385 0.0258 0.0308

Std. Dev. 0.141 0.112 0.0906 0.000227 0.000102 0.000132

Run Mean

u v w p q r

35 0.0387 -0.0229 -0.159 3.71e-05 -6.71e-07 -3.69e-06

45 -0.418 -0.301 -0.115 -0.000175 -4.36e-06 5.25e-07

46 -0.0919 -0.264 0.0600 -0.000823 -9.53e-06 -4.69e-06

47 0.0403 0.360 -0.148 -4.77e-05 -2.11e-07 -1.92e-06

48 0.551 -0.157 -0.0590 -0.000865 6.75e-07 -9.44e-06

49 0.390 0.270 0.201 -4.53e-05 -7.01e-06 -8.05e-06

50 -0.123 0.0644 -0.126 5.54e-05 4.44e-06 -9.36e-06

51 -0.365 0.270 -0.104 -0.000167 -3.17e-07 -3.44e-06

52 0.142 -0.414 0.144 -0.000173 8.52e-06 -6.00e-06

53 -0.211 -0.0691 -0.303 -0.00115 2.65e-06 7.13e-06

Mean -0.00476 -0.0263 -0.0609 -0.000335 -5.82e-07 -3.89e-06

Std. Dev. 0.308 0.266 0.153 0.000437 5.33e-06 5.04e-06
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Theoretical Statistics

Theoretical, or expected, values for the sample statistics were desired for comparison with the measured
values in Tables 2 through 7.  This section presents the equations used for these calculations, the code
implementing these equations, and results obtained in the form of tabulated data and plots.

Equations

The following equations defining the theoretical statistics were provided by the Government for
implementation and computation.  Equations (62) through (64) calculate the theoretical standard deviation of
sample means of the various turbulence components.
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Equations (65) through (68) define the theoretical standard deviation of sample standard deviations for
each component.
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where
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In the above equations  T , defined by T NT= ν ,  is the length of the turbulence sequence.  (N  is the

number of samples in the sequence.)  The variables σ τ ν, , ,V T   were defined previously in the section

entitled Continuous Model.  The variables R R R R R Ri j i j j j− − + + − +, , , , ,τ τ   are defined in the subsequent

section discussing autocorrelation.

Code

Equations (62) through (68) were inplemented in the MATLAB m-file newA41.m.  Comments were
added to the file to identify equation numbers listed in the previous section. The variables Smhatuu,
Smhatpp, Smhatqq,  Smhatrr, and Smhatwv defined in file newA41.m are the standard deviations of the
sample means.  The variables Ssighatuu, Ssighatpp, Ssighatqq, Ssighatrr, and Ssighatwv defined in file
newA41.m are the standard deviations of sample standard deviations.

% * * * * * * * * * * * * * * * * * * * * * * * *         file = newA41.m
% Computes eq.    A29, 62, 65       for u or p components
%             A37-A43, 64, 67,  62  for q or r components
%             A31,63, 66            for w or v components
% * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
%
% Tnu = sampling interval = 1/80
% Lu = Lw = Lv = Lvw = Dryden scale length
% sigma = sigu = sigw = sigv = std dev of turbulence

b = 37.42;
Lu = 1750;
Lwv = 1750;
Lp = sqrt(Lwv*b)/2.6;
sigma = 5.;
sigp = 1.9/sqrt(Lwv*b)*sigma;
% add sigq uses sigw;  sigr uses sigv;  for 67
%degs sigq = sqrt(0.05699*sigma^2);
%degs sigr = sqrt(0.07667*sigma^2);
 sigq = sqrt(1.736e-05*sigma^2);
 sigr = sqrt(2.336e-05*sigma^2);
Tnu = 0.0125;
Npts = 80000;
%
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%  T=1000 sec, Npts=80000
T=Npts*Tnu;
%
T2 = 2.*T;
Tsq = T^2;
Tcube = T^3;
Tfour = T^4;

Ntau = 501;
tau = linspace(-10,10,Ntau)';

tauu = Lu/V;
tauwv = Lwv/V;
taup = Lp/V;
tauq = 4.*b/(pi*V);
taur = 3.*b/(pi*V);

% * * * * * * * * * * * * * * * * * * * * * *
%  Pre-allocate vectors  (autocorrelation vectors)
% * * * * * * * * * * * * * * * * * * * * * *
   Rii = zeros(size(tau));
   Rqq = zeros(size(tau));
   Rrr = zeros(size(tau));
   Ruu = zeros(size(tau));
   Rpp = zeros(size(tau));
   Rwv = zeros(size(tau));
% * * * * * * * * * * * * * * * * * * * * * *
%
% * * * * * * * * * * * * * * * * * * * * * *
%
%  Logic to select u,w,p,q,r  etc. for sigi, tauj, etc.
%  use variable selup, or selqr, etc for equations
% * * * * * * * * * * * * * * * * * * * * * *
%
% * * * * * * * * * * * * * * * * * * * * * *
%  u, p Logic selection
% * * * * * * * * * * * * * * * * * * * * * *
%
% * * * * * * * * * * * * * * * * * * * * * *
%  Selected sigma and tau
% * * * * * * * * * * * * * * * * * * * * * *
%
  if selup == 'u'
     sigi = sigma;
     taui = tauu;
  elseif selup == 'p'
     sigi = sigp;
     taui = taup;
  end
%
% * * * * * * * * * * * * * * * * * * * * * *
% eq. 69 eq. Rii  autocorrelation function for u,p
% * * * * * * * * * * * * * * * * * * * * * *
%
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% * * * * * * * * * * * * * * * * * * * * * *
%  tau  - 'for loop' calculations
% * * * * * * * * * * * * * * * * * * * * * *
%
    for n = 1:Ntau
%
        A29pwr = abs(tau(n))/taui;
        Rii(n) = sigi^2*exp(-A29pwr);
%
        if selup == 'u'
           Ruu(n) = Rii(n);
        elseif selup == 'p'
           Rpp(n) = Rii(n);
        end
    end    %  end tau-loop for eq. 69
%
%
% * * * * * * * * * * * * * * * * * * * * * *
%  Compute expected values of sample statistics u or p components
%
% * * * * * * * * * * * * * * * * * * * * * *
%   constants for 62 and 65
% * * * * * * * * * * * * * * * * * * * * * *
%  eq. 62
% * * * * * * * * * * * * * * * * * * * * * *
%   for 62 and 65
tisq = taui^2;
%   constants for 62
UPk1 = (taui/T);
UPk2 = (tisq/Tsq);
%
% * * * * * * * * * * * * * * * * * * * * * *
%  eq. 62 for sigma(mean-hat)
% * * * * * * * * * * * * * * * * * * * * * *
%
  Smhat46 = sigi*sqrt(2.*(UPk1 - UPk2));
%
% * * * * * * * * * * * * * * * * * * * * * *
%  eq. 65
% * * * * * * * * * * * * * * * * * * * * * *
%  constants for 65 and use tisq defined above
ticube = taui^3;
tifour = taui^4;
%
UPk4=taui/T2;
UPk5=9.*tisq/(4.*Tsq);
UPk6=4.*ticube/(Tcube);
UPk7=2.*tifour/(Tfour);
%
% * * * * * * * * * * * * * * * * * * * * * *
%  eq. 65 for sigma(sigma-hat)
%
    Ssighat53 = sigi*sqrt(UPk4 - UPk5 + UPk6 - UPk7);
%
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% * * * * * * * * * * * * * * * * * * * * * *
%
% * * * * * * * * * * * * * * * * * * * * * *
%   Set all u or p calculations
% * * * * * * * * * * * * * * * * * * * * * *
%
  if selup == 'u'
%      Ruu(n) = Rii(n);
      Smhatuu = Smhat46;
      Ssighatuu = Ssighat53;
      Smhatpp = 'undef';
      Ssighatpp = 'undef';
  elseif selup == 'p'
%      Rpp(n) = Rii(n);
      Smhatpp = Smhat46;
      Ssighatpp = Ssighat53;
      Smhatuu = 'undef';
      Ssighatuu = 'undef';
  end
%
% * * * * * * * * * * * * * * * * * * * * * *
%   end  u, p Logic selection and calculations
% * * * * * * * * * * * * * * * * * * * * * *
%
%
%
% * * * * * * * * * * * * * * * * * * * * * *
%   Start q, r Logic selection
% * * * * * * * * * * * * * * * * * * * * * *
%
%  Selected sigma and tau i,j = q,w or r,v
% * * * * * * * * * * * * * * * * * * * * * *
%
  if selqr == 'q'
     sigi = sigq;
     sigj = sigma;
     taui = tauq;
     tauj = tauwv;
  elseif selqr == 'r'
     sigi = sigr;
     sigj = sigma;
     taui = taur;
     tauj = tauwv;
  end

%
% * * * * * * * * * * * * * * * * * * * * * *
%
%  eq. 71 - 77 constants for Rii autocorrelation function
%                    for q,r sigma(mean-hat)
%
% * * * * * * * * * * * * * * * * * * * * * *
%  for eq. 64 also- use tisq, tjsq
tisq = taui^2;
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tjsq = tauj^2;
%
tauij = tauj*taui;
%
oneovtaui = 1./taui;
oneovtauj = 1./tauj;
RAk3 = oneovtaui+oneovtauj;
RAk12 = oneovtaui/RAk3;

RAk4 = 1./(2.*tauij);
RAk3sq =RAk3^2;
RA4ov3sq = RAk4/RAk3sq;

RAk5 = oneovtaui-oneovtauj;
RAk13 = oneovtaui/RAk5;
RAk5sq =RAk5^2;
RA4ov5sq = RAk4/RAk5sq;

oneovtauisq = 1./tisq;
oneovtaujsq = 1./tjsq;
RAk6 = oneovtauisq-oneovtaujsq;
RAk11 = oneovtauisq/RAk6;

RAk7 = RAk4*oneovtaui;
RAk5by3sq = RAk5*RAk3sq;
RA5sqby3 = RAk5sq*RAk3;

RAk8 = 1./(2.*tauj);
RAk4ov3 = RAk4/RAk3;
RAk4ov5 = RAk4/RAk5;
RAk7ov6 = RAk7/RAk6;

RAk9 = 1./(2.*taui);
RAk9ov5 = RAk9/RAk5;
RAk9ov3 = RAk9/RAk3;
RAk10 = 1./(4.*tauij);
%
%RAk3cube used in Sk7den eq. 68
RAk3cube =RAk3^3;

% not - used RA3by5 = RAk3*RAk5;
%
% * * * * * * * * *
% Eq 72
% * * * * * * * * *
Rjneg  = 1. - RAk12 + RA4ov3sq - RAk13 - RA4ov5sq  ...
           + RAk11 - RAk7/RAk5by3sq + RAk7/RA5sqby3 ;

% * * * * * * * * *
% Eq 73
% * * * * * * * * *
Rjnegt = RAk8 - RAk4ov3 - RAk4ov5 + RAk7ov6;

% * * * * * * * * *
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% Eq 74
% * * * * * * * * *
Rineg  = RAk9ov5 -RAk9ov3 + RAk10/RAk5sq + RAk10/RAk3sq;

% * * * * * * * * *
% Eq 75
% * * * * * * * * *
Rjpos  = 1. - RAk13 - RA4ov5sq - RAk12 + RA4ov3sq  ...
           + RAk11 + RAk7/RA5sqby3 - RAk7/RAk5by3sq ;

% * * * * * * * * *
% Eq 76
% * * * * * * * * *
Rjpost = - RAk8 + RAk4ov5 + RAk4ov3 - RAk7ov6;

% * * * * * * * * *
% Eq 77
% * * * * * * * * *
Ripos  = - RAk9ov3 + RAk9ov5 + RAk10/RAk3sq + RAk10/RAk5sq;
%
Ripsq  = Ripos^2;
Rinsq  = Rineg^2;
Rjpsq  = Rjpos^2;
Rjnsq  = Rjneg^2;
Rjptsq = Rjpost^2;
Rjntsq = Rjnegt^2;
%
% * * * * * * * * * * * * * * * * * * * * * *
% eq. 71 eq. Rii  autocorrelation function for q,r
% * * * * * * * * * * * * * * * * * * * * * *
%
% * * * * * * * * * * * * * * * * * * * * * *
%  start tau  - 'for loop'  for 71
% * * * * * * * * * * * * * * * * * * * * * *
%
%  constant for 71
   Riik1 = sigj^2/(V^2*tisq);
%
%
    for n = 1:Ntau

       A37pwr1 = tau(n)/tauj;
       A37pwr2 = tau(n)/taui;
%
%  tau < 0
       if tau(n) < 0
          Rii(n) = Riik1*(Rjneg*exp(A37pwr1) ...
                 + Rjnegt*tau(n)*exp(A37pwr1)+ Rineg*exp(A37pwr2));
       else
%  tau(n) >= 0
          Rii(n) = Riik1*(Rjpos*exp(-A37pwr1) ...
                 + Rjpost*tau(n)*exp(-A37pwr1)+ Ripos*exp(-A37pwr2));
       end
%
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      if selqr == 'q'
         Rqq(n) = Rii(n);
      elseif selqr == 'r'
         Rrr(n) = Rii(n);
      end
%
   end    %  end tau-loop for eq. 71
%
% * * * * * * * * * * * * * * * * * * * * * *
%
%  Compute expected values of sample statistics for q or r components
%
% * * * * * * * * * * * * * * * * * * * * * *
%  eq. 64
% * * * * * * * * * * * * * * * * * * * * * *
%
%  constants needed for i,j = q,w or r,v
% for 64 and tisq, tjsq defined above
Tti = T*taui;
Ttj = T*tauj;
tjcube = tauj^3;
% for 68 also use tjcube, Tti, Ttj defined above
tjfour = tauj^4;
%
%ticube = taui^3;
%tifour = taui^4;
% * * * * * * * * * * * * * * * * * * * * * *
%  64 use tisq, tjsq calcs defined above
%  constants for 64
%
QRk1 = sigj/(V*Tti);
QRk2 = Ttj*(Rjneg + Rjpos);
QRk3 = Tti*(Rineg + Ripos);
QRk4 = T*tjsq*(Rjpost - Rjnegt);
QRk5 = tjsq*(Rjpos + Rjneg);
QRk6 = tisq*(Ripos + Rineg);
QRk7 = 2.*tjcube*(Rjnegt - Rjpost);
QRk2toQRk7 = (QRk2 + QRk3 + QRk4 - QRk5 - QRk6 + QRk7);
%
% * * * * * * * * * * * * * * * * * * * * * *
%  eq. 64 for q,r sigma(mean-hat)
%
  Smhat50 = QRk1*sqrt(QRk2toQRk7);
%
% * * * * * * * * * * * * * * * * * * * * * *
%
% * * * * * * * * * * * * * * * * * * * * * *
%  eq. 68 constants for S00
%
Sk1 = Ttj/2.*(Rjnsq + Rjpsq);
Sk2 = Tti/2.*(Rinsq + Ripsq);
Sk3 = T2/RAk3*(Rjneg*Rineg + Rjpos*Ripos);
Sk4 = tjsq/4.*(-Rjnsq - 2.*Rjneg*Rjnegt*T - Rjpsq + 2.*Rjpos*Rjpost*T);
Sk5 = tisq/4.*(Rinsq + Ripsq);
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Sk6num = 2.*Ripos*(Rjpost*T - Rjpos) - 2.*Rineg*(Rjnegt*T + Rjneg);
Sk6den = RAk3sq;
Sk7num = 4.*(Rjpost*Ripos + Rjnegt*Rineg);
Sk7den = RAk3cube;
Sk8 = (Rjpost*(Rjpost*T - 2.*Rjpos));
Sk9 = (Rjnegt*(Rjnegt*T + 2.*Rjneg));
Sk10 = tjcube/4.*(Sk8 + Sk9);
Sk11 = 3.*tjfour/8.*(Rjntsq + Rjptsq);
%
% * * * * * * * * * * * * * * * * * * * * * *
%    eq. 68 calculation - S00 constant
%
    S00 = Sk1 + Sk2 + Sk3 + Sk4 - Sk5 + Sk6num/Sk6den ...
              + Sk7num/Sk7den + Sk10 - Sk11 ;
%
% * * * * * * * * * * * * * * * * * * * * * *
%
% * * * * * * * * * * * * * * * * * * * * * *
%  eq. 67
% * * * * * * * * * * * * * * * * * * * * * *
%
%    constants for 67
QRk8=sigj^2/(sigi*(V*taui)^2*T*sqrt(2.));
%
% * * * * * * * * * * * * * * * * * * * * * *
%  eq. 67 for sigma(sigma-hat)
%
   Ssighat62 = QRk8*sqrt(S00 - 2.*(QRk2toQRk7)^2);
%
% * * * * * * * * * * * * * * * * * * * * * *
%
% * * * * * * * * * * * * * * * * * * * * * *
%   Set all q or r calculations
% * * * * * * * * * * * * * * * * * * * * * *
%
  if selqr == 'q'
%      Rqq(n) = Rii(n);
      Smhatqq = Smhat50;
      Ssighatqq = Ssighat62;
      Smhatrr = 'undef';
      Ssighatrr = 'undef';
  elseif selqr == 'r'
%      Rrr(n) = Rii(n);
      Smhatrr = Smhat50;
      Ssighatrr = Ssighat62;
      Smhatqq = 'undef';
      Ssighatqq = 'undef';
  end
%
% * * * * * * * * * * * * * * * * * * * * * *
%  w or v  calculation
% * * * * * * * * * * * * * * * * * * * * * *
%
% * * * * * * * * * * * * * * * * * * * * * *
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% eq.70 Rwv  autocorrelation function for v,w
% * * * * * * * * * * * * * * * * * * * * * *
%
% * * * * * * * * * * * * * * * * * * * * * *
%  tau  - 'for loop' calculations
% * * * * * * * * * * * * * * * * * * * * * *
%
    for n = 1:Ntau
%
        abstau = abs(tau(n));
        A31pwr = abstau/tauwv;
        WVk1 = 3.*sigma^2/tauwv;
        WVk2 = tauwv/3.;
        WVk3 = (1./6.)*abstau;

        Rwv(n) = WVk1*(WVk2*exp(-A31pwr) - WVk3*exp(-A31pwr));
%
    end    %  end tau-loop for eq. 70
%
% * * * * * * * * * * * * * * * * * * * * * *
%  eq. 63 for v, w sigma(mean-hat)
%
   Smhat48 = sigma*sqrt(tauwv/T);
%
% * * * * * * * * * * * * * * * * * * * * * *
%  eq. 66 for v, w sigma(sigma-hat)
% * * * * * * * * * * * * * * * * * * * * * *
%
        WVk4 = 13.*tauwv/(4.*T);
        WVk5 = 83*tauwv^2/(8.*Tsq);
   Ssighat55 = (sigma/2.)*sqrt(WVk4 - WVk5);
%
   Smhatwv = Smhat48;
   Ssighatwv = Ssighat55;
%
%  Display expected values of sample statistics
%
Smhatuu
Smhatpp
Smhatqq
Smhatrr
Ssighatuu
Ssighatpp
Ssighatqq
Ssighatrr
Smhatwv
Ssighatwv

Autocorrelation

The theoretical autocorrelation functions were needed to compute some of the theoretical statistics
discussed previously.  The functions were also used for comparison with correlation functions computed from
the sample sequences produced with the GUSTMDL program.
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Equations

The autocorrelation function R i u pii τ( ) =, , ,  for the u- and p-components can be found from the

Fourier transform of the spectral density as follows:
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The autocorrelation function for the w-component is
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Since the spectra of the v-component and w-component are the same, the autocorrelation function  Rvv τ( )
is also given by equation (70).  For the q- and r-components
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These equations were coded in the MATLAB m-file newA41.m presented in the previous section.
Comments were added to the code to refer to equation numbers listed in this section.  The variables Ruu,
Rpp, Rqq, Rrr, and Rwv are the autocorrelation functions from equations (69) through (71) for the turbulence
components.  The variables Rjneg, Rjnegt, Rineg, Rjpos, Rjpost, and Ripos in file newA41.m are the
constants defined in equations (72) through (77).

Code

Code in MATLAB file A41plts.m was generated to plot the theoretical autocorrelation functions
discussed above that are calculated in file newA41.m.  The MATLAB files newA41.m and A41plts.m should
be executed sequentially to be able to plot theoretical autocorrelation functions.  The file A41plts.m also
computes and plots the sample autocorrelation functions of the turbulence sequences produced by the
GUSTMDL program.  These autocorrelation functions were computed using the MATLAB function xcorr
from the Signal Processing Toolbox.  The code for A41plts.m follows.

%   * * * * * * * * * * * *  * * * * * *  * * * * *       file A41plts.m
%
%                  autocorrelation plots
%
whitebg
%
%            Theorectical autocorrelation plots calculated in newA41.m
%
%    Select u or p component
%
    if selup == 'u'
%
plot(tau,Ruu)
title('Autocorrelation Ruu V100')
xlabel('tau, sec')
ylabel('Autocorrelation')
%
%pause
%print Ruu
%
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    elseif selup == 'p'
%
plot(tau,Rpp)
title('Autocorrelation Rpp V100')
xlabel('tau, sec')
ylabel('Autocorrelation')
%
%pause
%print Rpp
%
    end
%
%    Select q or r component
%
    if selqr == 'q'
%
plot(tau,Rqq)
title('Theoretical autocorrelation Rqq V100')
xlabel('tau, sec')
ylabel('Autocorrelation')
%
%pause
%print Rqq
%
    elseif selqr == 'r'
%
plot(tau,Rrr)
title('Theoretical autocorrelation Rrr V100')
xlabel('tau, sec')
ylabel('Autocorrelation')
%
%pause
%print Rrr
%
    end
%
%    Select w or v component
%
plot(tau,Rwv)
title('Theoretical autocorrelation Rwv V100')
xlabel('tau, sec')
ylabel('Autocorrelation')
%
%pause
%print Rwv
%
% * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *
%               Experimental autocorrelation plots from GUSTMDL
% * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *
%
    if V==100.
%
       gdload('gustr54sigs.cmp3')
%
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    elseif V==1000.
%
       gdload('gustr55sigs.cmp3')
    end
%
% * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *
%
%   compute experimental correlation (corrariance) function
%
% * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *
Ntx=1000;
dt=.0125;
%
% * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *
%
%    Select w or v component to determine tx (plot time)
%
% * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *
%
   if selvw == 'v'

[Rvvc] = xcorr(turbv, turbv, 'biased');
[RvvT] = xcorr(turbv, turbv, 'biased');
[RvvM] = xcorr(turbv, turbv, 'biased');

tx  = ([1:length(Rvvc)]' - fix(length(Rvvc)/2) - 1)*dt;
%
%  Select middle +-10 seconds
%
nx = fix(length(tx)/2) + 1;
tplt = tx(nx-800:nx+800);
Rvvcplt = Rvvc(nx-800:nx+800);
RvvTplt = RvvT(nx-800:nx+800);
RvvMplt = RvvM(nx-800:nx+800);

%    Plot w or v component
%
%
plot(tplt,Rvvcplt,'k-',tplt,RvvTplt,'y-',tplt,RvvMplt,'m-',...
tau,Rwv,'k--')
%
xlabel('tau, sec')
ylabel('Autocorrelation')
grid
legend('Rvvc','RvvT','RvvM','Rwv')
%
    if V==100.
%
       title('Experimental vs. Theoretical autocorrelation Rvv V100')
       axis ([-2. 2. -5. 25.])
%
    elseif V==1000.
%
       title('Experimental vs. Theoretical autocorrelation Rvv V1000')
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       axis ([-2. 2. -10. 25.])
    end
  elseif selvw=='w'

[Rwwc] = xcorr(turbw, turbw, 'biased');
[RwwT] = xcorr(turbw, turbw, 'biased');
[RwwM] = xcorr(turbw, turbw, 'biased');

tx  = ([1:length(Rwwc)]' - fix(length(Rwwc)/2) - 1)*dt;
%
%  Select middle +-10 seconds
%
nx = fix(length(tx)/2) + 1;
tplt = tx(nx-800:nx+800);
Rwwcplt = Rwwc(nx-800:nx+800);
RwwTplt = RwwT(nx-800:nx+800);
RwwMplt = RwwM(nx-800:nx+800);

%    Plot w or v component
%
%
plot(tplt,Rwwcplt,'k-',tplt,RwwTplt,'y-',tplt,RwwMplt,'m-',...
tau,Rwv,'k--')

%
xlabel('tau, sec')
ylabel('Autocorrelation')
grid
legend('Rwwx','Rwv')
%
    if V==100.
%
       title('Experimental vs. Theoretical autocorrelation Rww V100')
       axis ([-2. 2. -5. 25.])
%
    elseif V==1000.
%
       title('Experimental vs. Theoretical autocorrelation Rww V1000')
       axis ([-2. 2. -10. 25.])
    end
%
pause
end
%
%
% * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *
%    Select u or p component
% * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *
%
    if selup == 'u'
%
[Ruuc] = xcorr(turbu, turbu, 'biased');
[RuuT] = xcorr(turbu, turbu, 'biased');
[RuuM] = xcorr(turbu, turbu, 'biased');
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Ruucplt = Ruuc(nx-800:nx+800);
RuuTplt = RuuT(nx-800:nx+800);
RuuMplt = RuuM(nx-800:nx+800);

%
plot(tplt,Ruucplt,'k-',tplt,RuuTplt,'y-',tplt,RuuMplt,'m-',...
tau,Ruu,'k--')

%
xlabel('tau, sec')
ylabel('Autocorrelation')
grid
legend('Ruuc','RuuT','RuuM','Ruu')
%
    if V==100.
%
       title('Experimental vs. Theoretical autocorrelation Ruu V100')
       axis ([-2. 2. -5. 35.])
%
    elseif V==1000.
%
       title('Experimental vs. Theoretical autocorrelation Ruu V1000')
       axis ([-2. 2. -10. 30.])
    end
%
pause
%
    elseif selup == 'p'
%
[Rppc] = xcorr(turbp, turbp, 'biased');
[RppT] = xcorr(turbp, turbp, 'biased');
[RppM] = xcorr(turbp, turbp, 'biased');

Rppcplt = Rppc(nx-800:nx+800);
RppTplt = RppT(nx-800:nx+800);
RppMplt = RppM(nx-800:nx+800);

%
plot(tplt,Rppcplt,'k-',tplt,RppTplt,'y-',tplt,RppMplt,'m-',...
tau,Rpp,'k--')

%
xlabel('tau, sec')
ylabel('Autocorrelation')
grid
legend('Rppx','Rpp')
%
    if V==100.
%
       title('Experimental vs. Theoretical autocorrelation Rpp V100')
       axis ([-2. 2. -2.e-4 14.e-4])
%
    elseif V==1000.
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%
       title('Experimental vs. Theoretical autocorrelation Rpp V1000')
       axis ([-2. 2. -2.e-4 14.e-4])
    end
%
%
pause
%
    end
%
% * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *
%
%    Select q or r component
% * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *
%
    if selqr == 'q'
%
[Rqqc] = xcorr(turbq, turbq, 'biased');
[RqqT] = xcorr(turbq, turbq, 'biased');
[RqqM] = xcorr(turbq, turbq, 'biased');

Rqqcplt = Rqqc(nx-800:nx+800);
RqqTplt = RqqT(nx-800:nx+800);
RqqMplt = RqqM(nx-800:nx+800);

%
plot(tplt,Rqqcplt,'k-',tplt,RqqTplt,'y-',tplt,RqqMplt,'m-',...
tau,Rqq,'k--')

%
xlabel('tau, sec')
ylabel('Autocorrelation')
grid
legend('Rqqc','RqqT','RqqM','Rqq')
%
    if V==100.
%
       title('Experimental vs. Theoretical autocorrelation Rqq V100')
       axis ([-2. 2. -1.e-4 5.e-4])
%
    elseif V==1000.
%
       title('Experimental vs. Theoretical autocorrelation Rqq V1000')
       axis ([-2. 2. -1.e-4 5.e-4])
    end
%
%
pause
%
    elseif selqr == 'r'
%
[Rrrc] = xcorr(turbr, turbr, 'biased');
[RrrT] = xcorr(turbr, turbr, 'biased');
[RrrM] = xcorr(turbr, turbr, 'biased');
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Rrrcplt = Rrrc(nx-800:nx+800);
RrrTplt = RrrT(nx-800:nx+800);
RrrMplt = RrrM(nx-800:nx+800);

%
plot(tplt,Rrrcplt,'k-',tplt,RrrTplt,'y-',tplt,RrrMplt,'m-',...
tau,Rrr,'k--')

%
xlabel('tau, sec')
ylabel('Autocorrelation')
grid
legend('Rrrc','RrrT','RrrM','Rrr')
%
    if V==100.
%
       title('Experimental vs. Theoretical autocorrelation Rrr V100')
       axis ([-2. 2. -1.e-4 6.e-4])
%
    elseif V==1000.
%
       title('Experimental vs. Theoretical autocorrelation Rrr V1000')
       axis ([-2. 2. -1.e-4 6.e-4])
    end
%
%
pause
%
    end

    if selup == 'u' & selvw == 'v' & selqr == 'q'
outvect1 = ['tau Ruu Rwv Rqq tplt Ruucplt RuuTplt RuuMplt ' ];
outvect2 = ['Rvvcplt RvvTplt RvvMplt Rqqcplt RqqTplt RqqMplt' ];
outvect = [outvect1 outvect2];
gdwrite('cor55uvq.asc2 asc2',outvect)

    elseif selup == 'p' & selvw == 'w' & selqr == 'r'
outvect1 = ['tau Rpp Rwv Rrr tplt Rppcplt RppTplt RppMplt ' ];
outvect2 = ['Rwwcplt RwwTplt RwwMplt Rrrcplt RrrTplt RrrMplt' ];
outvect = [outvect1 outvect2];
gdwrite('cor55pwr.asc2 asc2',outvect)

    end

P l o t s

Example plots of autocorrelation functions produced by A41plts.m for V  = 100 ft/sec and
V = 1000 ft/sec are found in this section.  The sample autocorrelation functions are for 819-sec turbulence
sequences produced using GUSTMDL.
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Figure 13. Autocorrelation functions for V = 100 ft/sec.



79

- 5

0

5

10

15

20

25

30

-10 - 5 0 5 10

Theoretical
Continuous
Tustin
MIL STD

A
ut

oc
or

re
la

ti
on

Lag, sec

- 5

0

5

10

15

20

25

30

-10 - 5 0 5 10

Theoretical
Continuous
Tustin
MIL STD

A
ut

oc
or

re
la

ti
on

Lag, sec

(a).- u-component (b).- v-component

- 5

0

5

10

15

20

25

30

-10 - 5 0 5 10

Theoretical
Continuous
Tustin
MIL STD

A
ut

oc
or

re
la

ti
on

Lag, sec

-0.0002

0

0.0002

0.0004

0.0006

0.0008

0.001

0.0012

0.0014

- 1 -0.5 0 0 . 5 1

Theoretical
Continuous
Tustin
MIL STD

A
ut

oc
or

re
la

ti
on

Lag, sec

(c).- w-component (d).- p-component

-0.0001

0

0.0001

0.0002

0.0003

0.0004

0.0005

- 1 -0.5 0 0 . 5 1

Theoretical
Continuous
Tustin
MIL STD

A
ut

oc
or

re
la

ti
on

Lag, sec

-0.0001

0

0.0001

0.0002

0.0003

0.0004

0.0005

0.0006

- 1 -0.5 0 0 . 5 1

Theoretical
Continuous
Tustin
MIL STD

A
ut

oc
or

re
la

ti
on

Lag, sec

(e).- q-component (f).- r-component
Figure 14. Autocorrelation functions for V = 1000 ft/sec.


